Introduction
Connectivity -particularly as networks expand to be large and even global in scale -greatly increases prospects of cooperation. In this chapter we first discuss the concept of connectivity and its relationship to cooperation as it has been explored across disciplines. The discussion focuses on the two main questions pursued in connectivity research; how do cooperative connections emerge, and which connections are most efficient when promoting cooperation? Much of the initial research to be discussed is laboratory based, allowing for strict controlled conditions to test the effect of network density and structure on performance. The final set of connectivity research reviewed is a set of field experiments that allow for greater external validity, yet also allowing for replication of the key results linking connectivity among target populations and cooperation.
In the second half of this chapter we present results from a six country study of the global connections of 1195 participants and their propensities to cooperate with one another. In this research we push the limits of the scale of connectivity, but also alter elements of network density and structure typically found in prior research. Nonetheless, the results demonstrate that as global connectivity increases, cooperation increases as well.
A critical review of the notion of connectivity
Networks have been studied from very different perspectives. Physics and computer science focuses on large-scale sets of interconnected nodes, and model these networks as complex systems governed by exogenous, sometimes stochastic rules (Schweiterz et al., 2009 , survey the new challenges of this approach). Networks evolve by adding or deleting links between nodes, following different network dynamics, bound in space and time (Barrat et al., 2008) .
In the social sciences, too, networks are defined as a set of interconnected nodes. Nodes may represent countries or individuals, and the nature of their mutual relationship may be trade or friendship. In addition to the analysis of network dynamics, social scientists study how the strategic behavior of agents is influenced by network architectures, sometimes arbitrarily simple.
Both approaches have advantages and disadvantages. The socioeconomic approach is typically grounded on simplifying assumptions about networks' institutions and individuals'
behavior. Individual incentives explain relatively well the emergence of formal and informal links between rational agents (See Jackson and Wolinsky (1996) or Bala and Goyal (2000) , see below);
however, it typically fails to predict volatile dynamic outcomes, better interpreted by models from physics based on large-scale systems (Albert and Barabasi, 2002) .
Within the social sciences, the first to develop an approach to networks were sociologists. Simmel (1922) stressed the importance of considering the position of an individual in a group, even before Moreno (1934) formally introduced the analysis of social networks as sociograms (SmithDoerr and Powell (2003) survey this literature). In the last twenty years, networks have been intensely analyzed by economists, given the relevance of networks in many economics situations, from labor opportunities, to trade, cooperation between firms, corporations' governance or noncentralized markets (See Jackson, 2003 , for an extensive survey of this literature, including many empirical studies).
The very idea of networks refers to the existence of connectedness between nodes or agents. A critical concept in the analysis of networks is connectivity, and its density. A network's density measures its structural properties. A complete network is one extreme case: as it is maximally connected, it is denser than any incomplete network. Figure 1 below shows some complete and incomplete networks for a group size of 4 agents or nodes:
Connectivity has been positively associated with performance, even when the relationship is far from monotonic
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. Being connected makes cooperation within the group easier. As Fowler and
Christakis (2010) put it, "interacting with others in large populations without structure greatly reduces the likelihood of cooperation". From a theoretical point of view, the more connected with others agents are, that is, the denser the network, the higher the cooperation rate. Information about the decisions of others may act as a dynamic coordination device (Skyrms and Pemantle, 2000) , and heterogeneity may even improve cooperation prospects (Santos et al 2008) . Eshel et al. (1998) show that cooperation survives as an equilibrium strategy in repeated prisoner's dilemma type interactions when individuals are able to imitate their neighbors. As local interaction between interconnected agents allows cooperative players to cluster together, connectivity make partner selection easier (Lieberman et al 2005) .
However, it is difficult to learn about causality in theoretical and field studies. In the field, it is difficult to control some basic endogeneity problems. The cooperative association between connected individuals could be the outcome of some common environmental factors that generate cooperation in both agents. A theoretical prediction about equilibrium outcomes does not answer the two main questions in network analysis: how do cooperative networks emerge? Which network is more effective in promoting cooperation? Running experiments in a controlled environment may help to disentangle the dynamics of network formation and the effectiveness of different network structures promoting cooperation.
1 Granovetter (1973) was probably the first to point out that not all links are equally important. Job searches are typically more effective through informal (personal) links than through formal channels (Granovetter, 1995) . The finding that some weak ties are more effective has been replicated in several field studies; Lin (1999) More interestingly, the possibility of endogenously selecting the network (relative to a control experiment in which the network is exogenously imposed) greatly improves efficiency.
A second branch of the literature tries to study networks as an experimental input. The typical approach consists of fixing the network structure in advance to study their properties. Given that subjects typically need to learn about the environment in a relatively short time, this seems to be a natural method to minimize complexity; and assess the efficiency of different network structures.
Following a between subjects design, in these experiments subjects usually participate in a single treatment condition in which the network structure cannot be modified. Kirchlamp and Nagel (2007) test the model by Eshel et al. (1998) . In sharp contrast with the theoretical prediction, they find that cooperation rates are higher when imitation is more difficult and social interaction stronger (subjects interact in isolated groups rather than interacting locally with other groups).
Cassar (2007) finds a similar result, as subjects seem to show persistent difficulties learning from their observation of others.
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Connectivity has been analyzed in recent public goods experiments. Carpenter Connectivity in social networks seems to play a critical role in explaining cooperation when diversity is present. Miguel and Gugerty (2005) find that the provision of certain types of local public goods (as education) is strongly determined by subjects' heterogeneity. The results of their field experiments run in Kenya suggest that norm enforcement is more difficult when groups are ethnically diverse because social connections are weaker. Habyarimana et al. (2007 Habyarimana et al. ( , 2009 ) get similar results in Uganda. Different ethnic groups exhibit similar provision preferences. But, coethnics perform better because their social networks are denser, social sanctions are successfully implemented and homogeneous groups are better able to coordinate.
Large-scale connectivity and cooperation with strangers

Description
The literature reviewed supports the basic theoretical conclusion that the more connected agents are with one another -that is, the more dense the network -the higher the cooperation rate.
Furthermore, much of the research discussed focuses on the effect of network density and structure on interactions and performance; e.g. agents who are more similar to one another or who know they will be interacting again are more likely to be cooperative. However in contemporary global societies many interactions take place among individuals who are complete strangers to each other and interact only once. In a piece of research conducted by our group (Buchan et al., 2009), we studied experimentally the relationship between real-life individual connectivity and cooperation with strangers. Connectivity was estimated through a questionnaire, while cooperation was measured in experimental decisions. This makes it possible to test whether the seemingly positive effects of connectivity on cooperation stressed by the literature remain limited to the network or can spread to interactions with complete strangers. Our results point to a resounding yes. The higher individuals' real-life connectivity, the higher their propensity to cooperate at various levels of interaction. The following sections offer a brief account of the results.
In our research we were interested in studying a specific notion of connectivity, that is, large-scale connectivity. The theoretical background was offered by globalization studies that depict contemporary human relationships as being characterized by "the spread of transplanetary and […] supraterritorial connections between people." (Scholte, 2009 In spite of the growing diffusion of this network, the world is still far from being a "global show and comment the distribution of EGN and IGI across countries.
Factors related with large-scale connectivity
In this section we analyze the correlation between EGN and IGI and some individual demographic, behavioral and attitudinal factors. Our data come from six countries where we conducted research to investigate the relationship between globalization and cooperation. These were the US, Italy, Russia, Argentina, South Africa and Iran. These countries cover a broad range in terms of country-level globalization, as measured by the Centre for the Study of Globalization and Regionalization index (Lockwood and Redoano, 2005 Table S3 ). people are in a better position to access the global network. Women are significantly less globally connected than men. This effect is significant at the 5% level. Arguably this is the result of social factors constraining women's connectivity. Younger cohorts are significantly more connected than older cohorts. Furthermore, the larger the population of the urban area where people live, the higher EGN and IGI. This is consistent with globalization theories emphasizing the role of large cities as "hubs" of global networks (Sassen, 2001) . People belonging to ethnic minorities have a significantly lower connectivity level than others. This is significant at the 1% level for EGN and at the 5% level for IGI.
Finally, we want to investigate the relationship between the large-scale connectivity indexes and other factors widely used in connectivity studies. In particular, the social capital literature stresses the role of participating in voluntary associations to create a social network of potential economic value to an individual. For this purpose we use the dummy variable, association membership (AM), which identifies whether an individual is member of a voluntary association 9 .
8 In South Africa the research was only conducted in Johannesburg, but the different districts that were sampled varied considerably in terms of exposure to globalization. 9 The question lists a number of 13 types of association asking the participant to indicate which types s/he belongs to. Here the causality issue is open. It may be conjectured that having a broader exposure and participation in large-scale networks increase inter-personal trust in strangers (Grimalda and Mittone, 2010) . Likewise, people more disposed to trust others may be more inclined to set up connections with distal others (although it is not obvious why this should apply to EGN).
"social capital", as it does not measure the actual involvement of the individual with the association, e.g. the hours spent within the association. 10 Inter-personal trust is measured by the answer to the question normally used for this purpose in surveys. The question asks "Would you say that most people can be trusted or that you couldn't be too careful in dealing with people?" Notes: An OLS estimator has been used. The model includes country dummies. Standard errors robust to heteroschedasticity clustered per experimental sessions are reported in parenthesis. Stars denote significance levels as follows: * = P-value<0.1; ** = P-value<0.05; *** = P-value<0.01.
Section 4. Large-Scale Connectivity and Cooperation
Our project aimed at studying the relationship between large-scale connectivity and cooperation. Experiments comprised three experimental decisions measuring cooperation at the local, national, and world levels. Here we report results from the last decision, but qualitatively similar results obtain for the first two decisions. Decisions were anonymous, and the groups to which subjects were assigned were randomly selected at the beginning of each decision. The last decision examined how much individuals were willing to cooperate in their locality and beyond it, with people from other countries. We used a Multi-level Sequential Contribution experiment at the global level for this purpose (see Buchan et al., 2009) Table S5 ). Decisions were made privately using 10 tokens that could be allocated into envelopes representing the personal, local, and world accounts.
In general, cooperation was high and varied significantly across countries. COOP ranged from a minimum of 5.62 tokens in Iran to a maximum of 7.97 in the US. Table 2 shows the regression analysis based on an ordered logit model. It shows a strong and statistically significant effect (at the 1% level) of both the EGN and IGI (columns 1 and 3). Buchan et al. (2009) expand on the theoretical linkages between large-scale connectivity and propensities to cooperate. They argue that being interconnected reduces social distance among an individual and others even in anonymous interactions with strangers. Given the positive relationship between reduced social distance and propensity to cooperate (Hoffman et al., 1996; Whitt and Wilson, 2007) , higher levels of interconnection may be conducive to higher levels of cooperation. Buchan et al. (2010) deepen the analysis of the possible mechanisms behind the relationship, finding evidence in its support.
The effect we find for EGN and IGI is robust to the introduction of AM and TRUST (columns 2 and 4). The sizes of the coefficient are marginally lower, but the level of significance remains unaltered at the 1% level. It is also interesting to note that AM exerts a significant effect when used in conjunction with both EGN and IGI. This is consistent with the result from other studies that have found a positive relationship between experimental cooperation and being a member of voluntary associations (Glaeser et al., 2000; Anderson et al., 2004) . This may be interpreted as evidence supporting -or at least not contradicting -the argument put forward in the organization theory literature (Zucker, 1986; Coleman, 1990; Lahno, 1995) later popularized by Robert Putnam (2000) that voluntary associations instill in their members norms of cooperation that may also be applied to interactions with strangers. However, since this argument is subject to a reverse causality criticism, more work needs to be done to address this point 11 .
The analysis also shows a positive effect of TRUST on cooperation. It has been long debated what the variable TRUST actually measures, and its power in predicting behavior has been questioned (Glaeser, 2000) . Our analysis confirms the predictive value of trust, in line with other studies (Yamagishi, 1998; Fehr et al., 2002) . At the same time, our results help deepen understanding of the causal mechanisms of the relationship between connectivity and cooperation.
It may be conjectured that connectivity helps increase trust in generalized others, thus boosting the propensity to cooperate (Grimalda and Mittone, 2010) . The present analysis suggests that this effect may be limited, as the inclusion in the analysis of inter-personal trust exhausts neither the impact of IGI nor EGN. Even in this case, more analysis should be done.
As a next step in the analysis we created a dummy variable called HIGH EXPOSURE to identify the individuals ranking at the top of the EGN. This is done to prevent the risk of multicollinearity between EGN and IGI
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. Such individuals are those who have full access to all media and channels of connections that we have considered. They represent about 17% of the sample.
This term is interacted with IGI. 13 The last two columns of Table 2 show a significant interaction effect between HIGH EXPOSURE and IGI (participation in global networks). The regression shows a positive but only weakly significant effect of IGI in the group of the lowly-exposed (Table   2 : Column 5). On the contrary, the effect of IGI is significantly higher (at the 1% level) for those fully exposed. As a result IGI is strongly significant in this group ( =4.547, s.e. = 1.606, z=2.83, pvalue=0.005). Hence, increased participation in global networks has a much higher effect on cooperation for people who are already fully exposed than for others.
This somehow surprising result still needs further investigation by our group to be fully spelled out. One conjecture is that it may be due to a "reactance" effect against globalization by the 11 It may well be the case that people who are already characterized by a stronger attitude to cooperate with others are more likely to join voluntary associations because of the social benefits produced by such associations. 12 The linear correlation between EGN and IGI is in fact equal to 61%. 13 Cooperation at the local level in the first decision of the experiment has also been included as a control. In this way the dependent variable should be interpreted as propensity to cooperate at the world level net of the propensity to cooperate at the local level.
urban poor, who are the same time particularly exposed to globalization -as demonstrated in Table 1 -but have low levels of participation, particularly because of their low levels of income and education. These people may be -or they may perceive themselves as being -"losing" from globalization -particularly from immigration from other countries. This may thus trigger aversion to cooperate at the world level, in comparison with people who have similar levels of participation but are not fully exposed. This conjecture is supported by the fact that the sign of HIGH EXPOSURE is negative and significant at the 5% level. Column 6 of Table 2 confirms that such interaction effect also holds when AM and TRUST are introduced in the regression, although the effect of IGI in the lowly-exposed group drops outside the significance region. Figure 1a offers a graphical representation of this result considering the predicted probability of cooperating with respect to a specific outcome. People belonging to the fully exposed group but who have very low levels of IGI have a lower predicted probability of cooperating than people in a similar position in the not-fully-exposed group. The effect in the graph may appear small, but analysis of the partial effects of HIGH EXPOSURE shows that the effect is strongly significant for this particular outcome, as well as for several others (see Table 3 ).
The analysis of partial effects also shows that the effect of the interaction term is particularly strong for the highest level of contribution. Figure 1a plots this case. It shows that the predicted probability of contributing all tokens to the collective accounts goes from around 0.1 for people at the lowest levels of IGI in the fully-exposed group to nearly 6 times as much for those topping IGI. On the contrary, predicted probability only rises by a factor of 2 for people in the not-fullyexposed group. This suggests that participation in large networks has clearly different effects in the two groups. as follows: * = P-value<0.1; ** = P-value<0.05; *** = P-value<0.01. detected by an algorithm. Standard errors of partial effects are estimated using the delta method. Stars denote significance levels as above. Partial effects were computed using the STATA margeff .command (Bartus, 2005) .. .85
. Note: Predicted probability computed according to estimates derived from model of Table 2 , column 5 above.
Section 5. Open Issues and Conclusions
Connectivity is clearly a powerful resource for cooperation. An open question of our research is the causal relationship between large-scale connectivity and cooperation. Are connectivity and cooperation expression of fundamentally similar pro-social attitudes, so that they are intrinsically related? Or does connectivity spur cooperation, for instance because developing connections within groups instills cooperation norms that are transferred to the population at large? Or is it the case that "global" connectivity is particularly good in fostering cooperation with strangers, for instance because the "cosmopolitan" character of such large scale connections helps inculcate a sense of shared identity with any fellow human being? We still do not know the answer to these questions. Research by Fowler and Christakis (2010) showing the existence of cooperation cascades in experimental randomly formed groups would seem to suggest that a causal link going from connectivity to cooperation is possible. Future work of our group aims at investigating the extent to which it is the "large-scale" property of connectivity, rather than mere social connectivity, which is conducive to higher propensity to cooperate with others.
A second issue probed by this research is the effect on cooperation when connective ties interact. When analyzed individually, participation in a network clearly is more likely to enhance cooperation than is mere exposure to the network. Yet the marginal gain in cooperation from an increased level of exposure differs greatly by individual when the two ties interact. More work is needed to give us a contextual understanding of why this interaction in connectivity occurs. 
Section 6 Appendix
